Abstract. Based on different motivations for engaging in outward FDI, this study divides firms' outward FDI into five types: non-FDI, FDI, defensive only outward FDI, expansive only outward FDI, and both defensive & expansive outward FDI simultaneously, and proposes four hypotheses to evaluate their relative strength in terms of firm productivity and innovation capability. The propensity score matching estimator based on a uniquely compiled Taiwanese manufacturing data set shows that, as firms engage in outward FDI, they have higher productivity growth rates compared to non-FDI firms. As for the further disengagement of the impacts of outward FDI, our empirical results indicate that expansive outward FDI tends to strengthen firms' productivity growth, while such a growthboosting effect is not statistically significant for defensive outward FDI. Moreover, as far as firms undertaking defensive & expansive outward FDI simultaneously are concerned, we also find a positive and significant impact of outward FDI on productivity growth, but the effect is not as large as that for firms engaging solely in expansive outward FDI. This may imply that defensive outward FDI has some adverse effects on firms' productivity growth. As firm performance is measured by innovation growth, the average treatment effects are all significantly positive regardless of the type of outward FDI strategies. Nevertheless, engaging in defensive outward FDI is less advantageous to innovation growth than the expansionary outward FDI, as well as to defensive & expansive outward FDI simultaneously.
Introduction
The globalization of economic activities has aggravated the competition faced by manufacturers. In order to maintain competitiveness and increase productivity, outward foreign direct investment (FDI) has become an important globalization strategy for a manufacturer. According to the United Nations Conference on Trade and Development (UNCTAD 2010) World Investment Report 2010, from 1982 to 2009, the average annual growth rate of global foreign direct investment was above 10%, and surpassed the amount of global output and exporting value. Taking the year 2009 as an example, the amount of outward FDI was around 1.1 trillion dollars, indicating that outward FDI has played an important role in the modern economy. As an emerging economy, Taiwan's outward FDI has experienced a noticeable expansion during the past twenty years 1. The FDI outflows amounted to $1.8 billion in 1991, and this figure increased to $10.1 billion in 2009 2 . This trend is reflected in a large body of literature accentuating the role of outward FDI in boosting the productivity of Taiwanese multinationals (e.g., Hsu, Liu 2002; Chen 2003; Liu, Huang 2005; Chang 2006 ; H. L. Lin, E. S. Lin 2010; Lin et al. 2011 just to name a few). It is worth noticing that the motivations underlying the engagement in overseas investment activities may vary across firms, and the gap needs to be filled up in the existing literature on the association between different types of outward FDI decisions and firm productivity and innovation capability, where the firm productivity and innovation are considered to be key factors for enhancing the competitiveness of firms in the context of globalization 3 .
In this study, we further divide outward FDI into two broad categories -defensive outward FDI and expansive outward FDI -based on the motives of foreign investment 4 . Our work complements the existing literature on the outward FDI vs. firm productivity and innovation nexus by classifying outward FDI into four types (i.e., the generic, defensive, expansive, and both defensive and expansive outward FDI). In particular, four hypotheses (to be detailed in Section 2) are proposed to empirically investigate the effects on firm productivity as well as the innovation capability, including that defensive outward FDI has a negligible impact on firm productivity, but is beneficial to promoting innovation growth. 1 Note that the significance of outward FDI from emerging economies has been rising during the past three decades. Since the late 1980s, developing economies have been increasingly recognized as essential suppliers of global outward FDI. Their share of global outward FDI has increased from 3% during the period 1978-1980 to 12.3% over the period 2003 (UNCTAD 2007 ). 2 The FDI statistics are obtained from the Industrial Development and Investment Center of the Ministry of Economic Affairs in Taiwan at the following link http://www.idic.gov.tw/html/c3409.htm 3 We note that Chen and Ku (2000) consider the effect of two types of FDI strategies on sales growth and survival, and divide the firms into expansionary and defensive types based on outward FDI in high-wage or low-wage countries. Weng et al. (2010) also examine the firms' expansive and defensive outward FDI activities but focus on the impact on product quality. 4 A related work by Lin et al. (2011) is focused on firms' production overseas and domestic strategies. Based on the production relations between parent firms and their foreign subsidiaries, Lin et al. (2011) divide the multinationals' production behavior into five strategies: vertical integration, foreign concentration, home concentration, horizontal integration, and heterogeneous horizontal integration.
The verification of our hypotheses is implemented by compiling two data sources in Taiwan (the Taiwanese Industry, Commerce and Service Census, and the Survey on the Outward FDI of Taiwanese Manufacturers) to obtain a unique and comprehensive firm-level data set, which contains rich information on the characteristics of individual firms. Our empirical assessment starts by first adopting the methodology developed by Levinsohn and Petrin (2003) to calculate the total factor productivity (TFP) which is able to alleviate the potential simultaneity problem that usually accompanies the firm productivity estimation. Next, to analyze and compare the impacts of outward FDI strategies on the growth of productivity and innovation under different outward FDI strategies, we utilize the propensity score matching technique (e.g., see Rosenbaum, Rubin 1983) to estimate the causal effect, i.e., the average treatment effect on treated. Unlike previous studies that usually adopt the instrumental variables method, our propensity score matching approach deals with the causal relationship between the outward FDI decision and firm productivity/innovation variables.
Our empirical results support the proposed hypothesis that as firms engage in outward FDI, they have a higher productivity growth rate compared to firms without overseas investment (Barba Navaretti, Castellani 2004; Branstetter 2006; Hijzen et al. 2007; Neven, Siotis 1995; Pottelsberghe de la Potterie, Lichtenberg 2001) . Furthermore, firms would experience the highest rate of productivity growth (and innovation growth) if they were to undertake expansive outward FDI only. On the contrary, firms merely engaging in defensive outward FDI reveal no benefit in terms of increasing productivity even though this type of outward FDI may still enhance innovation growth.
The rest of the paper is structured as follows. In the next section, we review the existing literature on the outward FDI vs. productivity/innovation relationship. The next section reviews the theoretical and empirical background of FDI vs. the firm productivity and innovation nexus. We then describes the hypotheses that we proceed to test in this article through linking theory and empirics to the two types of outward FDI strategies. The methodology section characterizes the data sources and variables, including the measurement of firm productivity and innovation growth. The estimation methodology and pretreatment variables are also discussed. Empirical resutls section provides the estimation results in this paper. The last section explores the theoretical and managerial implications of our empirical findings as well as the limitations and suggestions for future research.
Theoretical and empirical background

FDI vs. firm productivity
In the FDI literature, the impact of outward FDI on firms' productivity and innovation capability in the home country has been substantially discussed both theoretically and empirically 5 . In terms of the influence of engaging in outward FDI on firm produc-tivity (or productivity growth), in a neo-classical growth framework, outward FDI is positively associated with productivity growth since it increases the efficiency or the volume of investment to shift the production function with a high growth path. Outward FDI can also enhance firm productivity by increasing the number of product varieties or amount of capital equipment (Borensztein et al. 1998) . The new technology, production processes, and management in regard to outward FDI are able to spill over to domestic firms and thus increase the productivity (Kinoshita 2001; Halpern, Muraközy 2005) . While engaging in outward FDI may reduce production costs, multinationals may also face some disadvantages such as the costs of transferring technology to foreign affiliates which may reduce a firm's future productivity (Keller, Yeaple 2009). Lee et al. (2013) consider a vertical FDI-based model of heterogeneous firms and find that firms located in areas with more concentrated industrial agglomerations are more productive, while those engaging in outward FDI may not perform better in terms of total factor productivity.
The net benefits of outward FDI on productivity at the firm or industry level have been broadly identified in recent empirical studies. Bitzer and Görg (2009) indicate that the EU outward FDI in the EU manufacturing industries leads to a positive impact on the productivity of the manufacturing industry in most of the EU countries during the period 1973 -2001 . Jabbour (2010 uses French firm level data to find the positive effects of different types of offshoring (international sourcing and vertical FDI) on firm productivity. Görg et al. (2008) find that the offshoring of service production has a positive impact on the productivity of the Irish electronics industry but no significant effect in terms of the goods offshoring. Altomonte and Pennings (2009) find that changes in Romanian firms' total factor productivity are positively related to the first foreign investment in a specific industry and region in the period 1995 -2001 . Yang and Huang (2010 indicate that the outward FDI in low-wage countries may improve the productivity of Taiwanese manufacturing firms. However, several studies also suggest that the impact of outward FDI on firm productivity may not necessarily be significant, see, e.g., Liu and Tung (2005) , Görg et al. (2008) , and Lee et al. (2013) 6 . In particular, Lee et al. (2013) conclude that outward FDI in China has a positive but not significant impact on Taiwanese firm productivity when local industrial agglomerations and the endogeneity problem are taken into consideration. Liu and Tung (2005) provide evidence that vertical FDI to China has a negative contribution to both the level and growth of labor productivity using a sample of Taiwanese manufacturing firms.
FDI vs. firm innovation
Regarding the effect of outward FDI on domestic firm innovation, the theoretical predictions are mixed. Walz (1997) , Petit and Sanna-Randaccio (2000) incorporate FDI and R&D investment endogenously in a general equilibrium model and conclude that a positive association exists between outward FDI and R&D investment when the technology levels in the receiving and investing countries are similar. By contrast, Thirlwall (1982) argues that outward FDI serves as a substitute for domestic investment and that the domestic R&D investment will be reduced accordingly. Chen and Hsu (2003) reach the conclusion that the impact of outward FDI on a firm's domestic R&D is not clear-cut on the basis of a three-stage game approach. Belderbos et al. (2006) predict that firms may reallocate more R&D investment to their foreign affiliates when the destination country has more technological opportunities and a large market, resulting in a decline in the parent firms' innovation activities.
Similar to the FDI vs. productivity nexus, the empirical studies on the effect of outward FDI on domestic innovation also give rise to mixed results. Lipsey (1994) first finds a positive relationship between outward FDI and innovation for American firms that move their low-technological production activities to low-cost countries. In considering the case of outward FDI to China, identify a positive relationship between outward FDI and innovation activities in terms of R&D intensity and patents using an unbalanced panel data set of large enterprises for the period 1997-2005. The positive association between outward FDI and domestic innovation is also found in Lin and Yeh (2005) utilizing manufacturing firms in the Taiwanese electronics industry. Lecraw (1993) finds that Indonesian outward FDI firms improved their performance (including quality and management expertise) after moving production abroad. Nevertheless, Slaughter (2000) shows that outward FDI exerts no significant effect on domestic R&D for the U.S.-headquartered multinationals. Fors (1997) indicates that the technology is transferred to foreign plants because the domestic R&D has been employed in both home and overseas plants. Using the Japanese multinationals, Head and Ries (2002) find that the outward FDI may not positively affect the domestic skill intensity while the effect depends on the technology level of the FDI receiving country.
According to previous studies, increasing investment activities abroad might affect the firm's productivity and innovation through any of the following four channels. First, the relocation of production stages might increase productivity through a better allocation of resources. Secondly, firms that relocate their production overseas may cut back home production and scale down future investment, which may give rise to an adverse effect on the long-term competitiveness or R&D activities. Thirdly, specialization might increase productivity through scale economies and/or learning. Lastly, outward FDI activities might expose the firm to new technologies, ideas and knowledge, and thus in turn promote domestic innovation activities. In the following section, we discuss how different types of outward FDI relate to firm productivity and innovation growth and propose several hypotheses for our empirical investigation.
Hypotheses
We have mentioned that the overseas production of firms can also be categorized into defensive and expansive types based on the motivation of multinational firms. In particular, four types of outward FDI activities are considered, that is, the generic (i.e., either conducting defensive or expansive outward FDI), defensive, expansive, and both defensive and expansive outward FDI. The generic type of outward FDI corresponds to the type that is widely discussed in the literature (see Section 1 for more detailed discussions). Most of the empirical results find a positive association between outward FDI and productivity/innovation, even though a negative effect may be concluded occasionally. It is most likely that, compared to non-FDI firms, those firms engaging in outward FDI activities are prone to increase their productivity and innovation capability.
The following hypothesis can be formulated:
H1: There is a positive relationship between outward FDI and firm productivity/innovation.
When firms solely engage in expansive outward FDI activities, they seek to pursue business growth and expand their scale of production and sales by penetrating new markets abroad (see, e.g., Hymer 1960; Caves 1974; Buckley et al. 2007) 7 . In addition, firms engaging in expansive outward FDI may aim to enlarge the market and to exploit the specific advantage embodied in their intangible assets. In this case, foreign and domestic production are complements and might boost multinational firms' technology and productivity (Walz 1997; Li, Hu 2004; Huang, Lin 2009 ; H. L. Lin, E. S. Lin 2010). The benefit of cross-country knowledge spill-overs as firms engage in outward FDI can also be expected -suggesting that the expansive outward FDI strategy has a positive effect on firms' productivity/innovation growth since the opportunity to exploit and adopt the higher technology level is greater. Therefore, we propose the following hypothesis:
H2: There is a positive relationship between expansive outward FDI and firm productivity/innovation.
According to the global horizon theory, defensive outward FDI is a strategy used to maintain the business by seeking cheaper resources of production abroad when a firm loses its comparative advantage in the home market (see, e.g., Vernon 1966; Kojima 1973; Ozawa 1979) . The different motivations for engaging in overseas production lead to the various impacts of the two types of outward FDI on the innovation or productivity of firms. As for the firms engaging in defensive outward FDI activity, the technology levels for products of firms are usually not high in the host country and other countries have the capacity to produce, and hence the competition is fierce. In order to survive in the harsh environment, firms have to substitute foreign production for domestic production to lower the cost of production. By moving production processes to the lowtechnological countries passively due to cost considerations (e.g., increased wages and land prices in the home country), they have little hope of surviving the tougher competition (Priit 2010) . Then, this type of outward FDI might reduce the firms' domestic investment activities and may not have positive effects on firm productivity in the long run (Hsu, Liu 2002; Chen 2003; Hudson et al. 2005; Liu, Huang 2005; Chang 2006; Chiang 2008; Li, Roe 2008) , even though reallocating production resources by cost reduction is beneficial to promoting the firm productivity. The net effect of defensive outward FDI on firm productivity is thereby uncertain. In spite of that, after defensive FDI firms survive the keen competition of the market, they are able to make some ef-forts to innovate. Nevertheless, the innovating effect of this type of FDI production strategy is less than that induced by expansive outward FDI. It is thus interesting to test the hypothesis below:
H3:
The relationship between defensive outward FDI and firm productivity is unclear, but there is a positive association between defensive outward FDI and innovation. In addition, the productivity and innovation growth induced by expansive outward FDI are greater than those of defensive outward FDI.
If a firm engages in both outward FDI strategies, what is the net effect on firm performance? From the above discussion we know that conducting the defensive outward FDI may not have a positive impact on improving firm productivity. The positive effect of conducting expansive outward FDI on productivity may be offset by the defensive outward FDI. Therefore, the productivity increasing effect of conducting both outward FDI strategies is not as strong as that merely involving expansive outward FDI. To the best of our knowledge, very few studies have made such a kind of comparison. The last hypothesis to be tested in this paper can be formulated as follows:
The productivity growth boosting effect induced by merely engaging in expansive outward FDI is greater than that involving both defensive and expansive outward FDI.
Methodology
Sample sources
In the empirical application, we take advantage of the two data sources in Taiwan 
Measures
The main purpose of this paper is concerned with the impact of different types of outward FDI on firm productivity and innovation growth. The innovation capability can be constructed by computing the rate of growth of R&D expenditures. We note that the rate of growth of R&D expenditures may not well represent the innovation activities in accordance with the Community Innovation Survey developed by the European Commission, and the usual proxy variables such as patents, number of new products and innovation sales are not available in our data sets. According to the definition of firms' research and development expenditures in the Industry, Commerce and Service Census, the expenditures include innovation-related spending such as that on patents and R&D personnel (while we cannot distinguish between patents and R&D equipment spending), and might serve the innovative capability in the current context.
It is usually an issue and it is difficult to accurately capture the real firm total factor productivity. We follow the methodology developed by Levinsohn and Petrin (2003) to obtain the firm productivity, which is designed to minimize the potential simultaneity problem in estimating firm level production functions by using intermediate inputs as instruments 11 , The procedure is detailed in the supplementary material.
Estimation method
Evaluating the causal effect of outward FDI on firm performance is not an easy task due to the fact that engaging in outward FDI is not a random assignment across firms. It is often the case that a firm self-selects the outward FDI activities and the conventional 11 A key issue in the estimation of production functions is the correlation between unobservable productivity shocks and input levels. Therefore, ordinary least squares (OLS) estimates of production functions are biased and lead to inconsistent estimates of productivity. For an overview of the literature, please refer to Griliches and Mareisse (1998) . Moreover, the Levinsohn and Petrin (2003) method that deals with simultaneity bias can be regarded as an extension of the popular Olley and Pakes (1996) method. Recent studies have applied the Levinsohn and Petrin (2003) method to compute the firm productivity, e.g., Parisi et al. (2006) , Altomonte and Pennings (2009) , Arbeláez and Torrado (2011) . Table 1 Journal of Business Economics and Management, 2015, 16(3): 599-620 method then results in a biased estimate. In order to analyze the impact of different outward FDI strategies, including defensive and expansive outward FDI, on productivity and innovation growth, we use a propensity score matching technique (Rosenbaum, Rubin 1983; Caliendo, Kopeinig 2008) , which can construct the counterfactual through the selection of a valid control group of firms that are as similar as possible in terms of observable characteristics to a treatment group of firms, and hence reduce the bias in the estimation of treatment effects with observational data sets 12 .
End of
In this study, we have four treatments (i.e., s 1 , s 2 , s 3 and s 4 ) and hence have four outcomes to be compared with the outcome of the control group (s o ). Before proceeding with the matching algorithms, one has to choose the pretreatment variables to identify a valid control group of firms that shares similar characteristics to firms in the treatment group 13 . We choose firm age (firm age), the degree of outsourcing (outsourcing expenditures), innovation ability (rd), efforts for sustainable development (environment expenditures), whether engaging in triangular trade (triangular trade) as well as eleven industrial dummy variables to serve as pre-treatment variables. 14 . Again, it is shown that engaging in outward FDI is highly associated with higher firm performance in terms of both productivity and innovation growth rates. The difference is that, compared to non-FDI firms, the expansive outward FDI firms on average have the highest firm productivity, while the defensive FDI firms accord with the highest R&D growth rate. Table 2 also indicates that the firm age tends to be larger for FDI firms even though firms engaging only in expansive FDI do not last longer than non-FDI firms. It is not surprising to observe that firm's outsourcing expenditures are much lower for FDI firms since they are able to engage in overseas production activities directly through an outward FDI strategy. The environmental protection expenditures do not differ significantly for FDI and non-FDI firms. The fact that a higher proportion of FDI firms involves triangular trade is pretty much within our expectations.
Empirical results
Descriptive evidence
In what follows, we will conduct an empirical investigation to analyze the impacts of outward FDI strategies on the growth of productivity and innovation, and then use the propensity score matching method to test the hypotheses proposed in Section 2. 
Main results
In the empirical application, we implement four sets of causal inferences: 1) non-FDI vs. outward FDI firms; 2) non-FDI vs. defensive only outward FDI firms; 3) non-FDI vs. expansive only outward FDI firms; and 4) non-FDI firms vs. firms undertaking both defensive & expansive outward FDI. For each pair, the outcomes of interest are the rate of productivity growth (Dω) and the innovation growth rate (Dυ); the treatment is the dummy for each type of outward FDI strategy (s j≠o ). Table 3 provides the estimation results from the logistic regression, from which we can derive the propensity score, P j (s j = 1/X i ), of each firm 15 . Note that the comparison benchmark is the non-FDI firms for each pair in the last four columns of Table 3 . First of all, we can see that firm age has positive impacts on the probability of implementing outward strategies s 1 , s 2 and s 4 , but has no significant effect on the probability of performing s 3 . Next, the results also indicate that outsourcing expenditures negatively affect the tendency of firms to engage in any type of outward FDI activities (s 1 , s 2 , s 3 and s 4 ), while undertaking triangular trade to have a positive impact on the tendency to engage in outward FDI activities. The finding is consistent with the summary statistics presented in Table 2 . As for the impacts of R&D expenditures and environmental protection expenditures on the probability of making outward FDI strategic choices, we find that R&D expenditures positively affect the probability of choosing outward FDI, expansive outward FDI and defensive & expansive outward FDI simultaneously, while environmental protection expenditures negatively affect the propensity to engage in s 1 , s 3 and s 4 . This may be due to the fact that the Taiwanese government has imposed more stringent environmental protection laws in recent years and therefore firms choosing to stay home are likely to incur more costs in regard to environmental protection. However, further study is needed to confirm this argument. Notes: 1) The base strategy is without outward FDI. 2) Standard errors are in parentheses. *, **, and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
After obtaining the propensity score for each firm based on the logistic regression, we proceed to estimate the average treatment effect on the treated 16 . We also adopt three matching algorithms (Nearest Neighbor matching, Radius matching and Kernel matching) to briefly check the robustness of our estimation results. The first column in Table 4 shows the ATT estimators (under three matching algorithms) as the treatment is "participation" in the outward FDI activity (s 1 = 1) and the control group is the domestic counterfactual (s o = 1). When we apply the innovation growth as our second firm outcome variable, which is measured by the R&D growth, Table 5 reports the estimation results of ATT based on the rate of innovation growth (Dυ). It is found that the productivity and innovation growth rates of FDI firms are significantly higher than those of non-FDI firms (see the first columns in Table 4 and Table 5 ). The positive average causal effects on the productivity/innovation growth of overseas investment confirm Hypothesis 1. More specifically, FDI firms have from 13.96% to 17.80%, depending on different matching algorithms, higher productivity growth rates than their domestic counterfactual. The positive impact of outward FDI on productivity/innovation growth is consistent with most of the existing literature, e.g., Barba Navaretti and Castellani (2004), Branstetter (2006) , Chen and Ku (2000) , Hijzen et al. (2007) , Neven and Siotis (1995) , Pottelsberghe de la Potterie and Lichtenberg (2001), among many others.
To gain a more insightful understanding of the impacts of various outward FDI strategy combinations on firm productivity and innovation capability, the last three columns in Table 4 provide the ATT estimators in regard to the treatment indicators s 2 , s 3 and s 4 versus the control counterpart (s o ), respectively. It is observed that the ATT estimators under the treatment indicator s 3 , in the range of 0.3111 and 0.3868, are the largest among all treatments. Table 5 also shows that the ATT of innovation growth in regard to expansive outward FDI is the largest among all types of FDI activities. This finding indicates that firms engaging in expansive outward FDI (s 3 ) have experienced higher productivity and innovation growth in comparison with the other three types of outward FDI firms (s 1 , s 2 and s 4 ). Our proposed Hypothesis 2 is therefore supported.
As for the firms that undertake defensive outward FDI (s 2 ), the rate of productivity growth is not significantly better than that of the non-FDI firms -in some matching algorithms we even observe negative effects on productivity growth for firms engaging only in defensive outward FDI (see Table 4 ). This fact confirms Hypothesis 3 that firms engaging in defensive outward FDI reduce the firms' domestic investment activities and do not necessarily increase firm productivity. As discussed in Section 2, firms that conduct defensive outward FDI to survive the harsh environment have to innovate to 16 We have performed the test of the balancing property for each treatment effect model based on Kernel matching method in supplementary Appendix. Radius and k-NN matching methods give rise to similar results which are available upon request from the authors. Roughly speaking, the balancing property states that for a given propensity score (i.e., P j (s j = 1/X i )), the exposure to treatment (FDI strategy) is random and therefore treated and control firms should on average be observationally identical. The tables in supplementary Appendix show that the mean difference of the matched sample between the treated and control groups for each pretreatment variable (as well as the overall variables) does not deviate significantly. improve product quality (see Table 5 ). Hypothesis 3 also states that firms involved in expansive outward FDI lead to higher productivity/innovation growth than in defensive outward FDI, which is clearly verified by inspecting columns 2 and 3 in Tables 4 and  5 . This result may suggest that the firms engaging in expansive outward FDI have more opportunities to improve their productivity through international knowledge spill-overs than the firms engaging in defensive outward FDI in respect of the motivations and destinations of FDI, and hence will enjoy higher productivity/innovation growth.
Since Hypothesis 3 implies that defensive outward FDI is not necessarily associated with enhancing firm productivity, it is quite interesting to examine whether the benefit of engaging in expansive outward FDI dominates when firms undertake both defensive & expansive outward FDI simultaneously (s 4 ). Our results in Table 4 exhibit a positive and significant impact of this type of outward FDI (s 4 ) on productivity growth -firms have a higher productivity growth rate ranging from 11.25% to 11.49% (according to different matching methods) than their non-FDI counterfactual. The effect on productivity growth, however, is not as strong as that based on solely undertaking expansive outward FDI. This result suggests that defensive outward FDI may reveal some adverse effects on firm productivity growth (e.g., Hsu, Liu 2002; Chen 2003; Hudson et al. 2005 , Liu, Huang 2005 Chang 2006; Chiang 2008; Li, Roe 2008) , and thus some benefits produced by expansive outward FDI are offset by such negative effects. Thereby, Hypothesis 4 is confirmed by this empirical finding. Moreover, Weng et al. (2010) argue that the strategy of expansive outward FDI is more effective than defensive outward FDI at improving product quality since domestic firms are able to learn more advanced technology from guest countries. The innovation boosting effect by expansive outward FDI will be stronger than the effect that defensive & expansive outward FDI simultaneously (s 4 ) provides. The last two columns in Table 5 generally support this fact 17 .
Lastly, it is noticeable that the ATT in regard to s 2 is the smallest among the three ATT estimators (s 2 , s 3 and s 4 ) in Table 5 , which is along the lines of our result in Table 4 , implying that engaging in a defensive outward FDI is less advantageous to firm productivity/innovation than an expansionary type of outward FDI. In addition, such an innovation boosting effect by s 2 is not as strong as the effect that defensive & expansive outward FDI simultaneously (s 3 ) provides.
Discussion
The impact of (generic) outward FDI on firms' productivity and innovation capability in the home country has been substantially discussed both theoretically and empirically in the literature. In considering firms' FDI decisions on the basis of expansive and/or defensive motivations, this paper contributes to the literature by investigating the net effect on firm productivity/innovation if a firm engages in either or both of the outward FDI strategies. Four hypotheses are thereby proposed for our empirical investigation.
The tests proceed by matching the two data sources in Taiwan, the Taiwanese Industry, Commerce and Service Census (TICS) and the Survey on the Outward FDI of Taiwanese Manufacturers (SOFTM), to obtain a unique and rich firm-level data set. Both firm total factor productivity and innovation growth are considered to be the firm outcome variables. To accommodate the potential simultaneity problem, the method of Levinsohn and Petrin (2003) is applied to calculate the total factor productivity and the rate of productivity growth so-derived for each firm, while the innovation growth rate is measured by the growth rate of (log) R&D expenditures. We further take advantage of the SOFTM data to classify the outward FDI strategies into four types, namely, the typical outward FDI, defensive only outward FDI, expansive only outward FDI, and defensive & expansive outward FDI simultaneously. This enables us to obtain a more insightful understanding of the impacts of various outward FDI strategies on the rate of productivity and innovation growth. To overcome the endogeneity problem between firm performance and FDI engagement, we adopt the propensity score matching method to make a comparison of firm performance under different types of outward FDI strategies.
Theoretical implications
For a comparison of productivity growth between non-FDI and FDI firms, our matching estimator supports the results (Hypothesis 1) found in the existing literature where firms engaging in outward FDI have higher productivity and innovation growth rates compared to firms that do not engage in overseas investment activities (e.g., Barba Na- The propensity score matching results also indicate that expansive outward FDI tends to strengthen firms' productivity and innovation growth, confirming Hypothesis 2. It implies that expansive outward FDI firms that seek to pursue business growth and expand the scale of production and sales by penetrating new markets abroad are prone to adjust the production strategy more efficiently and benefit more through cross-country knowledge spill-overs, thereby improving their productivity and innovation capability.
Nevertheless, it is found that such a growth-boosting effect is not statistically significant for defensive outward FDI. This result (Hypothesis 3) is consistent with many studies, such as Huang and Lin (2009 ), Li and Hu (2004 ), and Walz (1997 . Even though the FDI production in general is beneficial to increasing firm productivity, the defensive outward FDI firms passively move the production process overseas in order to survive the harsh market and hence are unable to allocate their resources efficiently, reflecting the insignificant impact on firm productivity. After defensive FDI firms survive the keen competition of the market, they have some room to improve product quality by involving more innovative activities.
Moreover, as far as firms undertaking defensive & expansive outward FDI simultaneously are concerned, we also find a positive and significant impact of outward FDI on productivity growth, but the effect is not as large as that based on engaging solely in expansive outward FDI, supporting Hypothesis 4. This may imply that defensive outward FDI has some adverse effects on firms' productivity growth (Hsu, Liu 2002; Chen 2003; Hudson et al. 2005; Liu, Huang 2005; Chang 2006; Chiang 2008; Li, Roe 2008) , and such negative effects cancel out the benefits produced by expansive outward FDI.
Managerial implications
Due to the globalization of the world economy, firms are actively looking for a variety of favorable investment opportunities to strengthen their technical standards, or to readjust their production plans to improve their production efficiency. Most of the existing literature indicates that outward FDI is positively associated with the domestic firm productivity and innovation of multinational firms, while few studies simultaneously look into the causal effect of defensive and expansive FDI strategies on firm productivity and innovation capability.
Our empirical finding signifies some managerial implications. If a firm intends to promote its productivity, this can be successfully achieved by conducting the (expansive) outward FDI actively based on expanding market share, searching for specific assets (such as R&D capacity and output, design facilities and brand names), and adjusting the production of domestic plants and foreign subsidiaries dynamically. However, if a firm engages in the overseas production passively (defensive type of outward FDI) for surviving the keen market, this production policy will be invalid in enhancing firm productivity.
It is intuitive to observe that an expansive outward FDI will be helpful in increasing innovation activity since the policy stems from advancing high technology. We also find that the defensive outward FDI is also a valid production strategy to enhance firm innovation activities. It is because after survival in the harshly competitive market, continuing to increase product quality and conducting R&D activities is the key to firms' long-run sustainability. As a final note, we emphasize that the most effective tool for experiencing higher productivity and innovation growth is to engage in an expansive outward FDI production strategy.
Limitations and suggestions
We have utilized the propensity score matching method to resolve the problem when assessing the causal effect between different types of outward FDI production strategies and firm productivity/innovation. Due to the data limitation, we do not include the FDI host countries as one of the pretreatment variables in this article, which have been identified as a factor that may affect firm productivity/innovation in previous studies, e.g., Yang and Huang (2010) , Liu and Tung (2005) . It would be worth collecting the host country information and conducting a further causal inference analysis for future studies.
Recently, Contessi and De Pace (2011) have disaggregated the FDI into several components (e.g., equity, debt, and reinvested earnings) and investigated the contraction of FDI in the United States during the recent financial crisis. It would be interesting to inspect the impacts of different components of FDI on firm productivity and innovation activities in our future research. We also leave with interested readers the future possibility of exploring the relationship between defensive/expansive outward FDI and firm performance (e.g., ROA, ROE and Tobin's q), which could make a contribution to the field.
